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Overview of ONR sponsored research to Dr. B. Greg Mitchell, and long-range goals

A thorough understanding of marine optics is a mission of significant Naval relevance. The
ability to use optical measurements (in situ and remote) to estimate light propagation and
phytoplankton growth rates is a significant objective. This objective requires a detailed
understanding of the nature and variability of source and loss terms, and an ability to model the
relevant rates. Figure 1 summarizes dominant state variables and transformations occurring in
marine optics, and the contributions by the principal investigator in understanding these
processes. Several significant problems previously have not been resolved with respect to
measuring or modeling the processes in lgigure 1. The long-range objectives of the principal
investigator is to continue studies of the various components and rate processes shown in Figure
1 in an effort to improve our understanding of marine optical properties and photo-physioiogy
and ecology of phytoplankton.
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Figure 1. A conceptual model of optically important processes in the ocean. The long-range objectives
of our research include a detailed understanding of the processes and state variables specified in this
figure. The state variables in the boxes (S1-S6) correspond to dominant sources of optical variability in
the oceans. The principal investigator has dedicated his research effort to understanding the diverse
aspects of this system. Methods for estimating the magnitude and characteristics of S1, S2 and S3 have
included analysis of particle absorption using microphotometry (Iturriaga et al., 1988); macrophotometry
(Mitchell and Kiefer, 1984; Mitchell et al. 1984; Mitchell and Kiefer, 1988a; 1988b; Mitchell, 1990); in
situ optical profiling resulting in discovery of regional bio-optical relationships (Mitchell and Holm-
Hansen, 1991a; Mitchell, 1992); a novel method to estimate S1 from moored radiometers (Stramski et al.
1992); and aircraft (Tanis et al., 1990) or satellite observations of biomass (Mitchell et al., 1991). Optical
based models of phytoplankton photosynthesis for laboratory cultures (Kiefer and Mitchell, 1983; Sosik
and Mitchell, 1991) for Antarctic phytoplankton (Mitchell and Holm-Hansen, 1991b) and for Arctic
phytoplankton (Cota et al., 1992) have been developed to model process K1. Siegel et al. (1989) used an
in situ optical approach to estimate K1 and K2+KS for populations in the North Pacific Gyre. Carder et
al. (1991) have used optical methods to partition S1 from S2 and S3 for remote sensing. Sedimentation
rates of Antarctic and Arctic phytoplankton (K2) bave been studied by Mitchell and Holm-Hansen
(1991b) and Wassman et al., (1990).



OBJECTIVES FOR N00014-J-89-1639

The objectives of the work sponsored under ONR grant N0O0O-89-J-1639 was to undertake a
detailed study of the optical properties of the Fram Strait during the CEAREX bio-optical-
physical cruise. We sought to characterize S1+52+S3 in Figure 1 using particulate and in siru
optical methods. Optical models for defining process K1 are in development with other PI's in
the program. We also were responsible for integrating the data from all investigators on the
cruise and producing a database for publication as part of the CEAREX CD-ROM.

TASKS COMPLETED

A detailed study of the bio-optical properties of the Fram Strait during the spring bloom was
made during April and May, 1989. Sixty profiles were made using a multi-channel bio-optical-
physical profiling system. We flew 12 hours with a helicopter remote sensing system (HELOPS)
when the participant from ERIM had to leave the ship mid-way through the cruise. During these
flights, meso-scale features were identified and studied in detail.

Analysis of the data has been completed and all data from the various investigators has been
released as a data report (Mitchell et al., 1991). The data report was submitted to the National
Satelite Ice Data Center for inclusion in the CD-ROM of CEXREX data.

ACCOMPLISMENTS

Specific accomplishments included development of bio-optical models for remote sensing of
phytoplankton pigments (Mitchell, 1991); studies of photoadaptation and photosynthetic
modeling of Phaeocystis pouchetti, the dominant phytoplankton during the cruise (Cota et al.,
1991); and remote sensing of ocean color and thermal features from a helicopter-borne system
gl' anis et al., 1990a; 1990b). A comparison of satellite observations of sea ice and ocean color

eatures for the Barents Sea was also accomplished. The results of much of this work is
published or will be submitted soon. Collaborations are underway with CEAREX investigators
on an optical-based model of primary production; a multi-variate model of bioluminescence; and
a model of phytoplankton absorption for mixed layer heating during blooms.
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